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Protection Agency. The findings, conclusions and recommendations are those of
the authors and do not necessarily reflect the views of PLUARG or its recommenda—
tions to the I. J. C. '
 ACKNOWLEDGEMENTS
Work on this project was funded by a grant from U. S. Environmental
Protection Agency, Region V, Chicago, Gene Pinkstaff, Project Officer, Ralph
Christianson, Grants Officer.
Much of the work on watershed loading was done by JohnAdams, formerly
with the Great Lakes Basin Commission and now with the Corps of Engineers,
LEWMS study, Buffalo. We are indebted to Dr. David Baker, Heidelberg College,
Tiffin, Ohio, Dr. Steve Yaksich, LEWMS, Buffalo and personnel of the Black
Creek, Indiana study for providing us with tributary loading data.
This study was the combined effort of many individuals at the Ohio State
University. They include Dr. Larry Wilding, Dr. Neil Smeck, Dr. Wayne Pettijohn,
Dr. Earl Whitlach and Dr. Glenn Schwab. Graduate students whose thesis work
contritubed to the study are: Fred Rhoton, Dennis McCallister, Dan Green, and
Tom Naymik.
The technical support of Rodney Smith and Ted Pohlman was critical to
the success of the project and special thanks is due toDr. Robert Stiefel,












3.3 Calculation of loadings
3.31 Major and minor subbasins
3.32 Experimental plots
3.33 Other loading estimates
3.3h Application of experimental plot data to
major basin data
3.h Key parameters studied
RESULTS
h.l Land use andppractices
.11 Land use
.12 Agricultural practices in the Basin
.13 County crop rotations
.lh Tillage practices and timing of farm operations
.15 Livestock
.16 Point sources
h.2 oils in the Maumee River Basin
h.3 oading results
.31 Overview
.32 Discussion of monthly loadings
.33 Point source load summary
.3h Diffuse source loads
.35 Loadings from tile drainage
.36 Precipitation in the Maumee River Basin 1975-76
.37 Storms and runoff
.38 Storms and sediment transport
.39 Relationship of gross erosion and sediment delivery
.310 Utility for extrapolation
h.h Physical, mineralogical and chemical characteristics
of Basin soils and sediments
h.h1 Texture
h.h2 Chemical properties of watershed soils
h.h3 Phosphate chemistry of soils and sediment
h.hh Mineralogy




h.61 Dissolved metals in stream and groundwater




































Summary of watershed sites and plots
Numbers of observations in study watersheds
Population data by county
Major land uses, planning subarea h.2, Great
Lakes region
Agricultural land use in planning subarea h.2
Crop production in the Maumee River Basin —
acres harvested (1975-1976)
Acreage of major rotation by county in the
Maumee River Basin
Tillage fractions used in the Basin
(% of county)
Intensive livestock operations by county, 1969
Soils found within the Ohio sector of the Maumee
River Basin
Soil resource groups (SEC) in the Maumee River
Basin (Maumee Level B, Erosion and Sedimentation
Technical Report, 1975)
Total loads and unit area yields for all study
area watersheds
Loading rates and standard errors: Maumee River
at Waterville
Loading rates and standard errors: Portage River
at Woodville
Loading rates and standard errors: Black Creek —
Site 2
Loading rates and standard errors: Black Creek —
Site 6
Monthly total load, flow weighted mean concentration,
unit area yield, mean flow, runoff and precipitation:
Maumee River at Waterville
Monthly total load, flow weighted mean concentration,
unit area yield, mean flow, runoff and precipitation:








































LIST OF TABLES (continued)
Chloride (monthly load - metric tonnes)
Summary of watershed unit area yields - sediment
Watershed sediment yield as percentage of area
















Aof area weighted mean plot total phosphorus
yield
Point source load summary
Monthly distribution of point source loading
Monthly and annual unit area diffuse source
yield: Maumee River at Waterville
Monthly and annual diffuse source loading:
Maumee River at Waterville
Monthly and annual unit area diffuse source
yield: Portage River at Woodville
Monthly and annual diffuse source loading:
Portage River at Woodville
Monthly and annual unit area diffuse source
yield: Black Creek — site 2
Monthly and annual unit area diffuse source
yield: Black Creek — site 6
Unit area yield: Area weighted mean of all plots
Unit area yield: Roselms watershed lll
Unit area yield: Roselms watershed 201
Unit area yield: Lenawee watershed 301 and 302
Unit area yield: Blount watershed hOl and h02
Unit area yield: Paulding watershed 501 and 502
























































LIST OF TABLES (continued)
Precipitation of storm and non-storm periods — 1975
Precipitation of storm and non—storm periods — 1976
Summary of storms producing significant runoff
Phosphorus and suspended sediment transport during
individual storm events of 1975
Estimated annual gross erosion rates for plots
Particle size analysis of Maumee River Basin soil
and runoff sediment
Chemical characteristics of watershed site soils
Phosphorus characteristics of watershed soils and
sediments
Mineralogy of Maumee River Basinsoils and sediments
Chemical fractionation of P in suspended sediments
Pesticide residues found in soil and sediment samples
Background concentration of heavy metals in the Maumee
River Basin and in groundwater (1975—1977)
Concentrations of heavy metals in Maumee River Basin





















Sampling sites in the Maumee River Basin
The Maumee River drainage basin
Soil association of the Maumee River Basin
(Black Creek Study, 1973)
Flow hydrographs for Maumee River at Waterville, 1975
Flow hydrographs for Maumee River at Waterville, 1976
Flow hydrographs for Portage River at Woodville, 1976
Flow hydrographs for Black Creek, site 2, 1975
Precipitation record for Defiance, Ohio
Precipitation at Defiance, Ohio: Normal, 1975, 1976
Scatter diagram — Peak storm discharge vs. basinwide
total storm precipitation














The results of this study produced a number of important findings about
pollution from land use in the Maumee River Basin and reemphasized what we
already knew:
l. The Basin is made up of fine—textured soils of high natural fertility
which produce sediment during runoff in relation to their slope, internal
drainage and susceptibility to sediment transport.
2. Most Of the Basin 0‘180%) is in intensive row crop agriculture where,
for the most part, the soils are fall—plowed and bare from November to June.
3. Much of the agricultural land is drained by subsurface tile or
surface drains and served by a vast network of man—made or modified ditches.
A. The period of active sediment transport is in late Winter or early
Spring and the severity of erosion and sediment transport is determined by
soil moisture and snow melt conditions during initial thaw.
5. Phosphorus is the major pollutant from the Maumee River Basin and
the high phosphate content of suspended sediments reflects the high P levels
in Basin soils and the enrichment of P in sediment due to clay enrichment
during transport and adsorption of soluble P in the stream.
6. Levels of pesticides and trace metals in the Maumee River were low
and reflect background levels in Basin soils and normal metal contributions from
groundwater.
2.
IMPLICATIONS FOR REMLDIAL MEASURES AND RECOMMENDATIONS
The efficiency of a particular remedial measure, "best management practice"
or conservation practice in reducing the contribution of pollution to the Great
Lakes from land runoff must be considered from a variety of viewpoints. There
is a fairly well developed body of knowledge regarding the reduction in gross
erosion which may be obtained through the use of a particular practice. Although
there is some uncertainty among scientists as to the absolute efficiency of
the different practices, the "C", cropping management, and "P", erosion control
practice, factors of the Universal Soil Loss equation which have been extensively
compiled by the Soil Conservation Service, USDA, can give an excellent idea
of the relative efficiency of the different combination of land management
systems which can be used by farmers to reduce gross erosion.
On the other hand, our knowledge of how these practices alter the sediment——
and pollutant and nutrient—~delivery ratio is still seriously lacking. Several
studies have indicated that the delivery ratio, the ratio of gross erosion to
sediment actually delivered to drainage ways, is significantly increased by
the application of some management practices. This is primarily because some
practices are most efficient in reducing the movement of relatively larger
size soil particles. The resultant runoff, enriched with fine particles, can
move much further than the larger particles. It is also well known that the
fine particle size fraction is the fraction which carries with it most of
the particulate adsorbed bio—available phosphorus. As a result an erosion
control practice, which is efficient in reducing gross erosion, may be quite
inefficient in reducing deliveryof phosphorus to the Great Lakes. Considerably
more research will be necessary before it can be determined how efficient a
management practice is in reducing phosphorus loadings relative to gross




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































on a greatly enlarged list of soil types when tile drainage is employed.
Also, the increased production obtained through the use of tile will
offset many of the costs of other conservation practices which must be employed.
While it is too early to assess how muchof an impact tile drainage may have on
diffuse source pollution reduction, it is becoming evident that it will be an
important BMP for poorly drained high clay watersheds. A low level of cost






Point source reduction of P should continue to be pursued, especially
for Toledo because of its high delivery to the Western Basin of Erie.
Heavy metals and pesticides are not a problem at the present time, but
pesticides in water and sediment should be periodically scanned to
identify any new compounds or other toxic organics which may come on the
scene in the future.
Conservation practices should be accelerated to reduce erosion on the
cultivated sloping soils of the Basin.
These include the Morley soils with
C slopes or better in the till plain regions of the Basin and the Roselms
soils with B slopes in the lake plain region.
Maximum sediment load occurs in the period January — March, and, therefore,
conservation practices should maximize residue cover during that period.
No—till should be recommended on the well—drained Morley soils and chisel
plow on the Roselms.
Gully erosion is common on the dissected upland soil associations such
as Morley—Blount and Roselms. Grassed waterways with or without tile
drainage is recommended for these critical areas.
Grass buffer strips between field boundarys and drainage ditches are
recommended in the Maumee becuase of the large network of drainage
ditches in the Basin. This recommendation is especially important in
the lake plain region where ditches are more numerous and the soils are
high in clay.
Reduced tillage can not be justifiably recommended on the level (A slope)
soils of the Basin because of their low soil loss and the crop manage—
ment difficulties associated with reduced tillage on these soils. How—
ever, subsurface (tile) drainage appears to reduce runoff and soil loss
on these soils in addition to improving crop production. Therefore,
accelerated tile drainage installation is recommended on the level, ‘
poorly drained soils of the Basin.
The Paulding soil is very high in clay and possesses low hydraulic
conductivity; as a result, tile drainage is not recommended on this
soil. Further research is needed to develop acceptable crop management
(including drainage) practices which will maintain crop productivity and
reduce soil loss and transport.
Soils in the Maumee are high in clay, relatively high in total P, and
because of its high clay content, the suspended sediment is enriched
in total P. Plant available P levels in watershed soils are generally
adequate for maximum crop production. Educational programs should stress
the importance of following soil test recommendations, and soil fertility
research is needed to better define sufficiency levels of available P
in soil.
General recommendations
Point source phosphorus reductions must be continued with emphasis on































































































































period is from January through April. Residue management to keep the
soil in place is likely to be more effective than measures to reduce
sediment transport, especially on the finer soils.
h. Phosphorus fertilizer and manure management should more accurately
reflect crop requirements and soil test levels. Summaries of soil test
results should be used to monitor soil available levels in regions of
intensive cultivation.
5. Modeling should proceed to determine the degree of soluble, available
and total P reduction that might be attained per unit of sediment reduction.
6. A tributary monitoring program should be developed to periodically scan
water and sediment for toxic chemical discharges.
3. INTRODUCTION
The Maumee River was chosen by PLUARG to be one of three pilot water—
sheds to be studied on the U. 8. side of the Great Lakes drainage basin as
part of Task C — pilot watershed studies. Since there was already an ongoing
PL—92-SOO Sec. 108 demonstration project in Black Creek basin, an Indiana
tributary to the Maumee, the Task C project was directed to the Ohio portion
of the Maumee to supplement the work being done in Black Creek.
The objectives of PLUARG are to determine the effects of prevailing
land use practices on pollution entering the Great Lakes. Specifically,
the PLUARG Task C objectives are to answer the following questions:
1. From what sources and from what causes (under what conditions,
management practices) are pollutants contributed to surface and
ground water?
2. What is the extent of pollutant contributions and what are the unit
area loadings by season from a given land use or practice to surface
or ground water?
3. To what degree are pollutants transmitted from sources to boundary
waters?
h. Are remedial measures required? What are they and how effective
might they be?
5. Were deficiencies in technology identified? If so, what is recommended.
 -5-
As we will see later, the Maumee River Basin is primarily agricultural
in land use, and studies by the U. S. Army Corps of Engineers (1975) and the
Great Lakes Basin Commission (1978) have indicated that diffuse sources
account for about 75% of the phosphorus and nitrogen entering Lake Erie
from the Maumee. Because of the previous monitoring efforts on the Maumee
by the Corps of Engineers, it was decided to place emphasis in the Task
C project on soil and nutrient loss from small agricultural watersheds and
on specialized studies on sediment transport.
Specific objectives of this study are:
1. To determine the effects of land use practices on the loss of
sediment and associated chemicals from representative small
agricultural watersheds in the Basin and to compare these data
with downstream reference samples.
2. To study andetermine the physical, chemical and mineralogical
properties of major soils in the Basin and relate these data to
their susceptibility to erosion and fluvial transport.
3. To determine the physical, chemical, and mineralogical properties
of suspended sediments and bottom sediments in order to identify
fluvial transport mechanisms and to evaluate equilibrium stabilities
of suspended and bottom sediments.
h. To determine phosphate sorption—desorption and precipitation inter-
actions with sediment characteristics and concentration levels.
5. To determine heavy metals leaving small agricultural watersheds
as contrasted to downstream reference sources.
This report presents the findings of our studies in the period 1975—77.
It will drawon the research of other workers in the Maumee to give as complete
a picture as possible.
3.1 Study Approach
The basic approach of this study was to measure the generation of sediment
and nutrients from intensively cultivated cropland under prevailing management
practices and to compare these losses with the yield of the same materials at
the downstream discharge point. The study investigated the differences in
pollutant generation on several of the major soils of the Maumee Basin and
determined the effects of season and soil characteristics on sediment and
nutrient generation. Pollutant transport by tile drainage was also studied
because of the extensive use of underground tile for drainage in the Basin.
The chemical and mineralogical nature of suspended and bottom sediments
was studied and compared to the soils of the Basin in order to better
understand the changes in sediment during fluvial transport.
Levels of heavy metals in soil, sediment and surface and groundeater
were surveyed throughout the Basin; pesticides in sediment were also scanned.
Yields of sediment and nutrients from the Black Creek Sec. 108 study
























The basic approach of this study was to measure sediment and nutrient
loss from small agricultural watersheds and plots on major soils in the
Maumee River Basin and compare these losses with those from larger areas
in the Basin.
Five sites were chosen in Defiance County on four major soils of the
Basin (Figure 1 and Table l) ranging from 0.6 to 3.2 ha in area. Surface
runoff was monitored at all sites and tile drainage on the Lenawee, Paulding
and Blount sites. A continuous flow monitoring system and integrated sampler
was used so that all events were monitored and sampled. The sampling period
was from May 1975 — May 1977.
All sites were fall plowed and planted to
soybeans, so differences in sediment and nutrient loss are a function of soil
differences.
Rainfall was monitored at each site.
At the OARDC branch research
station in Wood County, eight plots (0.0h ha) on Hoytville soil were subjected
to a number of different tillage treatments and runoff and tile drainage
monitored.
Sediment and nutrient loading data were obtained from two other
study areas in the Maumee, the Black Creek Sec. 108 study in Allen County,
Indiana and the monitoring study by Heidelberg College at Waterville, Ohio
on the main stem of the Maumee (Figure
).
Similar data was also obtained
from the Portage River TMACOG Sec. 208 study.











vary from 0.0h—3.2 hectares
for the Ohio Task C study to
735 to
890 hectares























































































































































































































































































































































































































































































































































































































































































































3.3 Calculation of Loadings














































































































































































































































































































































































































































































































































































































































































Since it was desirable to determine loadings on a monthly basis for the
purpose of examining variations in sediment and nutrient delivery through the
year twelve strata across one year of data are immediately created. For the
Maumee and Portage three additional strata are defined within each month:
1) baseflow — level of flow within each month below which hour—to-hour
variations in flow appear to be random;
2) rising hydrograph — the upside of the hydrograph; and
3) falling hydrograph — the downside and return to baseflow or new storm.
At the Black Creek sites the same strata are defined and a fourth for all small
event flows in the interval defined above is used. The only other difference
in definition of strata for Black Creek is that the baseflow value is uniform
throughout the year, whereas for the major basins it is defined differently for
each month.
Thereafter, calculation of loadings and the error term proceeds as described
in Sonzogni et al (1978).
3.32 Experimental Plots
Loadings from the thirteen experimental plots were calculated strictly by
the multiplication of a "flow weighted mean" concentration by the total flow for
each storm event for surface runoff and total periodic flow from tiles. These
plots are very small (0.0% — 3.2 ha) and surface flow is ephemeral, occurring
only for the duration of storm events. Flow from the tiles is more sustained
but still intermittent. The total flow from each event is continuously sampled
and composited by a flow proportional pump. The concentration of the composite
sample is considered to represent the flow weighted mean concentration of the
runoff occurring during a single storm event. Loadings from these plots are
presented in tabular form for each month of the two year sampling period for
comparison with the monthly loadings of the other basins.
3.33 Other Loading Estimates
All calculations of loadings, including total loads and unit area yields
are based on the mean daily load determined for each month for the major and
subbasins and on the total monthly load calculated for the experimental plots.
The standard error of the mean daily loading estimates is presented in the tables
with those estimates.
There is no error term presented for the experimental
plot loading estimates.
3.3h




































































































































































Roselms (3—l5% slope) 0.05





3.h Key Parameters Studied
 
Based on previous work in Lake Erie and other Great Lakes, the key
parameters identified were: phosPhorus, sediment, nitrate, some heavy metals,







































































































































this study, it was studied extensively.
4. RESULTS











































































































































































































































































































































our figures will be updated.
  
   
  
   
   
 





    
  





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































h.l2 Agricultural practices in the Basin
Agriculture in the Maumee River Basin is dominated by the production of
only-5 crops: corn, soybeans, wheat, oats and hay. Other crops, including
sugar beets and vegetables for processing and the fresh market are very impor-
tnat economically, but account for less than 5% (Table 5 ) of the total acreage
harvested in any county in the Basin. Table 6 summarizes the totals of acreages
harvested of the five crops in each county of the Basin. For most counties the
figures represent the mean of production in l975 and 76. Data was obtained
from the 1976 publications of the Michigan, Indiana and Ohio Crop Reporting
Services. In addition to the production data these reports were usedto derive
crop yield, tillage practice and dates of tillage, planting and harvesting data.
The soils.of the Maumee River Basin are highly productive for these
crops and precipitation (3h.06 in, 86.5 cm) is ample for unirrigated agriculture.
The soils of the Basin are all associated with a glacial origin and include lake
deposited, till plain, outwash plain and scattered deposits of sand in beach
ridges, ancient sand bars and ground and end moraines. Particle size distribu—
tions are dominated by the clay fraction, and most soils have high organic matter
content. The greatest single agricultural problem is the provision of drainage.
When adequate drainage is provided, usually through subsurface tile drains, corn
yields in excess of lhO bu/ac are not uncommon. It has been estimated that
upwards of 50% of the cropland in the Maumee Basin is underdrained.
h.l3 County Crop Rotations
In order to derive C, tillage or conservation practice, factors for the
Universal Soil Loss Equation it was necessary to quantify the acreage of crop-
land in the Basin in a variety of logical crop rotations. Observations of
typical rotations and practices suggest six assumptions which enable the use of
the county production data to calculate the acreage of cropland in each county
which is typically in one of 7 rotation patterns.
The assumptions are:
l. The effect of soil type and physiography on crop rotation is
sufficiently accounted for by using county crop reporting statistics.
2. All wheat is in a corn—soybean—wheat rotation.
2A. 50% of acres of hay harvested modifies this rotation to:
2B. 100% of all oats are planted in the spring following corn.
The resulting rotation is: C Sb 0 W
3. The remaining corn and soybeans after 2 is in corn soybean rotation: C Sb
h. Any remaining corn or soybeans after 3 is: Cont. C or Cont. Sb.
5. 50% of acres of hay harvested is in permanent pasture
6. All other crops are ignored due to very small percentage of total
cropland involved.
 -16-







Misc. Small Grains O O
born for Grain 1,201.0 h86.0
Corn Silage 66.7 27.0
Soybean 1,526.2 617.6
urv n L Reans O 0
Sugar Reats 33.6 13.6
Pitatoes h 3 1 7
Fruits lO.9 h.h
Comm. Vegetables hh.h 18.0
06mm. Sod 0.9 0.h
Alfalfa Hay 258.u 10h.6
Clover & Timothy Hay 185.9 75.2
Crepland Pasture 92.9 37.6









































































































Williams, Oh 59,250 58,150 h2,900 8,700 11,850
Wood, Oh 107,250 113,150 73,850 15,200 17,150
Auglaize, Oh - 67,200 58,250 33,100 13,700 21,h00
Hardin, Oh 79,950 89,050 h7,600 11,300 1h,700
Mercer, Oh 81,500 78,000 h0,150 20,900 25,200
Hillsdale, Mi 8h,600 2u,3u5 23,515 8,380* 28,573 T
Lenawee, Mi 121,120 86,050 61,060 13,500* 19,6h9 T
DeKalb, Ind. h9,500 39,700 19,500 6,300 12,600
Allen, Ind. 89,300 83,200 h2,300 13,800 1h,500
Adams, Ind. 60,900 62,900 27,700 6,700 11,200
* 1978—1975

































































































































toward the soils which are known to occur on a rolling landscape.
Assumption 2 is obvious from the magnitude of the production of these
crops. Almost all farmers in the Basin attempt to utilize this profitable
rotation. Assumptions 2A and 2B are known to be predominant alternatives.
The 50% of acres of hay harvested is an arbitrary figure which will be lower
in uplands counties where permanent pasture is more important and higher in
lakebed and till plain areas where there is very little permanent pasture.
Assumption 5 follows directly and includes the remainder of the acres of hay
harvested in permanent pasture. Assumption 2B is a common alternative for the
inclusion of oats in a rotation. Following oats the field is planted to winter
wheat. Alloats are included in this rotation. The resultant rotation is
corn—soybeans—oats—wheat.
Assumption 3 places the remainder of the corn and soybeans, except for the
absolute difference between the acreage in corn and soybeans, into a corn—
soybean rotation. Assumption h places the difference between corn and soybean
acreage harvested, whichever is greater, into monoculture of that crop: continuous
corn or continuous soybeans.
The last assumption places all cropland into production of the five major
crops. AS stated earlier, the production of sugar beets and vegetables are
economically important in the Basin, but account for less than 5% of the cropland
in any of the counties.
These assumptions provide seven equations in seven unknowns to calculate
the seven major rotations found in the watershed:
(C Sb 0 W) = Oats x h
(C Sb w M) = (.5 (Hay)) x h
(Permanent Pastures) = ( 5 (Hay)) X l
(C Sb w) = ((Wheat) — (Oats + 0.5 Hay)) x 3
(C Sb) = ((lesser of C or Sb) — Wheat) x 2
if C Sb
(Cont. Sb) = (Soybeans — Corn) x 1
if Sb C
(Cont. Corn) = (Corn — Soybeans) x 1
Each result is multiplied by the number of years in the rotation and gives
the average number of acres in each of the seven rotations in each county in
a given year.








x C Sb W C Sb 0 W
C Sb
Cont. C ' Cont. Sb. Pasture
Allen, Oh 7h,025 18,500 28,000 h6,500 :— 3,700 u,625
Defiance, 86,650 13,200 h3,600 -— -4- -35,150 3,300
Fulton 65,775 17,500 22,200 h8,900 39,500 —— 8,375
Hancock 160,650 25,000 27,200 32,700 V_ —— 26,550 6,250
Henry 99,375 20,700 36,300 60,500 e- 8,700 5,175
Lucas 31,575 6,100 6,u00 27,800 —— 7,150 1,525
Paulding 75,525 12,900 73,600 8,500 —— 31,600 3,225
Putnam 105,975 31,900 35,200 hh,600 —- 26,200 7,975
Van Wert 82,800 13,200 h0,h00 78,000 —- 22,800 3,300
Williams 8h,825 23,700 3h,800 30,500 1,100 —— 5,925
Wood 150,225 3h,300 60,800 66,800 —— 5,900 8,575
Auglaize 26,100 h2,800 5h,800 50,8h0 8,680 -— 10,700
Hardin 86,850 29,h00 h5,200 6h,700 —- 9,100 7,350
Mercer 19,950 SO,hOO 83,600 75,700 3,500 -— 12,600









DeKalb, Ind- 20,700 25,200 25,200 u0,h00 9,800 —- 6,300
Allen 63,750 29,000 55,200 81,800 6,100 —- 7,250
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h.lh Tillage practices and timing of farm operations
The nature and timing of tillage operations in the Maumee River Basin
are influenced, as they are anywhere, by the nature of the soils, weather
patterns and prevailing popular notions. Most soils are wet and difficult to
till during the spring. Since crop yields are significantly reduced by late
planting most farmers take the opportunity of dry fall weather to plow their
land and reduce the risk of losses due toa wet spring.' The moldboard plow
is by far the predominant tillage implement.
USDA—SOS District Conservationists were surveyed in an earlier study
of erosion in the Maumee River Basin(Maumee Level B study Erosion and
sedimentation technical report, 1975) as to the extent of common tillage practices
in each county in the Basin. Table 8 lists the results of that survey. Some
changes in the originally published table have been made as a result of
further interviews taken during this study with agronomists familiar with the
Basin.
It is apparent that conventional fall tillage with the moldboard plow
is by far the dominant practice with 60% of the cropland in the Basin being
tilled in this manner.
With the emergence of powerful tractors capable of
plowing more land at a very high rate of speed it is also apparent that the
percentage of fall plowed land will continue to grow for at least several years.
The third column represents a form of tillage which is growing rapidly
in the Maumee Basin, and is usually applied on land to be planted to winter
wheat following soybeans.
This system is growing in popularity because it is















































































































































































































Allen, Ch 39 5O 10 l O
Defiance 10 89 O l O
Fulton, Oh ho 50 9 1 0
Hancock, Oh . 10 65 5 5 15 6.
Henry, Oh 28 70 O ' ' O 2 2.
Lucas, Oh 25 65 lO 0 O
Paulding, Oh 5 95 , O O O
Putnam, Oh 30 5O 15 5 0
Van Wert, Oh 2O 55 3 2 20 A
Williams, Oh 15 35 O O 0
Wood, Oh lO 69 20 l o
Auglaize, Oh 5h MO 5 l O
Hardin, Oh 38 60 l l O
Mercer, Oh 3h 62 3 l O
Hillsdale, Mi. 570 27 V 2 l O
Lenawee, Mi 39 50 5 1 5 5-
De Kalb, Ind. ho us 0 5 10 3.
Allen, Ind. 10 60 2o 2 8 1.
Adams, Ind. 35 60 3 2 0
Conventional, Spring Plow, Plant, Cultivate
Conventional, Fall Plow, Plant, Cultivate































































































































































21 5,086 31 10,759
58,8h6 25h,300 107,590
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h.2 Soils in the Maumee River Basin
 
The soils of the Maumee River Basin are developed under glacial deposits of
recent origin. The last phases of the late Wisconsin glacial period occurred
less than 8000 years ago. Soil parent materials can be divided into four groups:
— glacial till associated with the various moraines in the Basin and also
intermorainal areas
— lacustrine sediments in the Lake Plain region
— beach ridges associated with the glacial Lake Maumee
— stream alluvial deposits
Figure 3 (Black Creek study, 19733 shows the distribution ofmajor soil associations
in the Basin. The Morley-Blount—Pewamo and Blount—Pewamo associations account
for the greatest acreage of soils in the Basin. Formed in glacial till, they
occur along the perimeter of the Basin and constitute the more sloping region
of the watershed. The Hoytville—Toledo—Napanee association occurs in the
central basin and are formed from till and lacustrine materials. In the center
of the Basin, the Paulding—Latty—Roselms association occurs in the Lake Plain.
TableZM)identifies the major soil series and their percentages in the entire
Basin and in the Ohio area. The Maumee Level B Erosion and Sedimentation
Technical report grouped soils in the Basin into 50 soil resource groups (SRG).
These are given in Table ll.
h.3 Loading Results
b.3l Overview
Figures b-Y give hydrographs for the Maumee and Portage Rivers andone of
the Black Creek watersheds, The flashier nature of the Black Creek watershed
is due to its smaller drainage area and higher percentage of sloping soils.
Table12 presents the total (all pollution sources) annual sediment and
nutrient loading and unit area yields for all study watersheds in the Maumee
and Portage River basins including the Black Creek watershed subbasin and the
experimental plots in Defiance and Wood Counties, Ohio. The loading for the
Maumee does not include any of the point or diffuse loading from the City of
Toledo or the drainage below the gauging station at Waterville.
Tables 13 through 16 present the monthly loading rates (metric tonnes/day)
during each month of the study periods on the Maumee, Portage and the two
Black Creek Watershed subbasins. The figures presented in these tables are
the results of the application of the Beale Ratio Estimator method of calculation
to the chemical measurements and continuous flow records at each of the sampling
sites.
Tables lYand 18 present the total monthly and annual loads, flow weighted
mean concentrations and monthly and annual total transport unit area yields for
the Maumee and Portage River basins. Also presented, in the last three columns
Of each table are the mean daily flow, basinwide runoff and mean basinwide
Precipitation for each month of the study period.
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Table 10- Soils found within the Ohio sector of the Maumee River Basin.









Material of Basin Basin
Till Plain Clay—loam Morley 6.0 h.h
sector till Blount 19.5 1h.h
Pewamo 11.9 8.8
37.h 27.6
Lacustrine Montgomery 0.5 0.h
clays and Kings 0.3 0.2
silty clays
0.8 o 6
Lake Plain Clay—loam St. Clair 0.1 0.1




Lacustrine Lucas 0.5 0.h
clays and Fulton l.h 1.0




































Areal Percentage of Ohio Soils
   
Physiogre HaLufp
region Geologic Ohio Portion Entire
Material of Basin Basin
Lacustrine Rawson
two—story Haskins
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BLRCK CREEK SITE 2
CY 1975






































































































































































































































































1.92(—4) - 1.92 x 10
 
 TABLE 13 LOADING RATES AND STANDARD ERRORS:
MAUMEE Rlv'ER a WATERVILLE
DISSOLUI’ID PHOSPHORUS TOTAL PHOSI‘IIORUS SUSPENDED SEDIMENT Nl'l‘RA'l‘lE-I‘NI'I'RI'I‘IC - N AMMONIA - N





























































































11411 0.543 0.064 2.308 0.149 850.5 75.2 39.9 1.66 0.898 0.247






AUG 0.100 0.007 0.285 0.010 78.9 3.63 0.819 0.076 0.197 0.031
sap 0.106 0.002 0.235 0.004 49.6 1.93 0:075 0.008 0.078 0.006
001 0.078 0.014 0.330 0.024 80.3 26.6 0.110 0.039 0.131 0.017
11017 0.026 0.004 0. 128 0.004 11.6 0.82 0.441 0.041 0.134 0.018






































































































































TABLE 14 LOADING RATES AND STANDARD ERRORS:
PORTAGE RIVER 0 WOODVILLE




















































































































































































































































































































































































































































































































































































        












0.033 0.0022 0.0038 0.0003
APR 0.0011 0.00003 0.0035 0.0008
1.70 0.48
0.027 0.0017 0.0034 0.0007
HAY 0.0011 0.0001














AUG 0.0003 <0.00005 0. 0014 0.0001 0.423 0.015 0.0009 0.0001 0.0006 (0.00005
8151’ 0. 0003 <0.00005 0.0035 0.0005
0. 788 0. 145 0.0017 0.0002 0.0006 0.0001
OCT 0.0 0.0
0.0001 <0.00005 0.021 0.003 0.0001 0.0001 0.0001 (0.00005
NOV 0.0008 (0.00005 0.0042 0.0005











1976 JAN 0.002 (0.00005 0.0005 <0.00005 0.161 0.009 0.0022 0.0003 0.0027 0.0006




0.016 0.0031 0.0019 0.0012
APR 0. 0001 <0. 00005 0. 0003 0 . 000]
0. 114 0.0042 0 . 0003 0. 0006 0.0004 <0 . 00005
MAY 0.0001 <0.00005 0.0002 <0.00005 0.075 0.007 0.0007 0.0004 0.0004 0.0001
JUN 0.0001 <0.00005 0.0001 (0.00005 0.041 0.0003 0.0001 0.0001
0.0001 <0.00005
JUL 0.0 0.0
















OCT 0. 001 <0. 00005
0.0001 <0. 00005 0. 038 0. 0014 0. 0005 0.0001
0.0005 0. 0001
















DISSOLVED I'IIDSI'IIORUS , '1'0'1'Al. 1'11031'1108U5
























      
 































JDl. 0.0001 <0.00005 0.0018 0.0002
1.17 0.19






Slil’ 0.0001 >0.00005 0.0007 0.0002
0.41 0.28
0.0035 0.0005 0.0005 0.0002
00'!‘ 0.0 (0.00005 0.0001 <0.00005






































































































































TABLE 17 MONTHLY TOTAL LOAD, FLOW WEIGHTED MEAN CONCENTRATION UNIT AREA YIELD,
MEAN FLOW, RUNOFF AND PRECIPITATION: MAUMEE RIVER AT WATERVIL‘E
MAUMEE RIVER AT HATERVILLE
      
DISSOLVED INORGANIC PHOSPHORUS TOTAL PHOSPHORUS SUSPE'OED 333 11.": 1
TOTAL LOAD [m1 YIELD TOTAL LOAD, [SW] 1210 TOTAL 105.0 [FM] YIELD
(MT/PERIOD) (Ma/L) (Kc/21A) (MT/PERIOD) (MG/I.) (KG/HA) (MT/Pawn) (MG/L) (KG/Lia)
1975 JAN 62.0 0.087 0.038 740.9 1.044 0.452 357926. 504.3 218.3
FEB 98.0 0.106 0.060 758.8 0.824 0.463 279076. 303.2 170.2
MAR 84.9 0.141 0.052 267.2 0.445 0.163 65131. 108.4 39.7
APR 40.6 0.090 0.025 144.4 0.321 0.088 65015. 144.4 39.6
MAY 55.3 0.103 0.033 359.6 0.670 0.219 186393. 347.1 113.7
JUN 62.2 0.116 0.038 265.9 0.497 0.162 162766. 304.3 99.3
J'U'L 15.0 0.093 0.009 60.4 0.376 0.037 36858. 229.6 22.5
AUG 7.7 0.046 0.005 24.1 0.144 0.015 10104. 60.3 6.2
SE? 35.3 01160 0.022 103.8 0.471 0.063 30387. 137.9 18.5
OCT 9.9 0.089 0.006 34.4 0.308 0.021 9452. 84.6 5.8
NOV 9.4 0.084 0.006 35.0 0.313 0.021 4617. 41.3 2.8
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TABLE 17 (continued)
xrmugwunmz-N Lwoulku m DAILY TOTAL
TOTAL LOAD [WM] YIELD TOTAL LOAD [WM] YIELD FLOW RUNOFF PRECIPITAIICN
(MT/PERIOD) (MG/L) (Kc/HAY (111/251-1100)| (MG/L) (KG/HA) <M**3/s> (m) (cm)
5797. 8.17 3.54 180.4 0.254 0.110 266.2 4.34 6.43
5264. 4.72 3.21 194.0 0.211 0.118 382.0 5.64 6.40
3286. 5.47 2.00 199.6 0.332 0.122 225.3 3.68 5.60
3326.. 7.39 2.03 61.7 0.137 0.038 174.6 2.77 7.01
4160. 7.75 2.54 67.7 0.126 0.041 201.4 3.30 9.32
4447. 8.31 2.71 32.6 0.061 0.020 207.3 3.28 12.40
515. 3.21 0.31 20.7 0.129 0.013 60.2 0.99 9.86
142. 0.85 0.09 13.2 0.079 0.008 62.8 1.04 15.60
449. 2.04 0.27 39.6 0.180 0.024 85.4 1.35 6.90
280. 2.51 0.171 24.7 0.221 0.015 41.9 0.69 5.22
225. 2.01 0.137 10.4 0.093 0.006 43.3 0.69 6.35
3793 6.06 2.31 81.3 0.130 0.050 234.7 3.84 6.34
31684. 19.3 925.9 0.564 151.0 31.59 97.52
1107 2.99 0.68 213.5 0.576 0.130 139.0 2.26 6.44
6737 3.29 4.11 553.4 0.271 0.338 849.6 12.98 7.32
1224. 1.27 0.75 94.4 0.098 0.058 362.8 5.92 8.06
647. 2.93 0.40 42.1 0.190 (.326 85.7 1.35 5.39
1239 5.85 0.76 27.8 0.131 0.017 79.4 1.30 6.57
883. 6.74 0.54 20.5 0.156 0.013 50.3 0.81 8.83
276. 3.42 0.169 9.8 0.121 0.006 30-3 0.48 7.90
25.4 0.63 0.016 6.1 0.150 0.004 15.3 0.25 4.34
2.3 0.107 0.001 2.3 0.111 0.001 8-16 0-13 6.64
3.4 0.088 0.002 4.1 0.105 0.003 14-5 0-73 6-28
13.2 0.507 0.008 3.4 0.130 0.002 10-1 0-51 1.44
49.8 1.31 0.030 7.7 0.203 0.005 14-3 0-72 2.07
12207. 7.44 985.1 0.601 159-2 27-44 71-26












7511.0 7.20 4.60 414.4 0.395 0.253 393.1 6.39

















































MEAN FLOW, RUNOFF AND PRECIPITATION:
PORTAGE RIVER E WOODVILLE
 
ARVA YIELD,
PORTAGE RIVER AT WOODVILLE
DISSOLVED INORGANIC PHOSPHORUS
TOTAL PHOSPHORUS SUSPENDED SEDIMENT
          
101.41. LOAD [FUN] YIELD TOTAL LOAD mm] YIELD TOTAL LOAD [m] YIELD
(MT/PERIOD) tic/L) (KG/HA) (MT/PERIOD) (MG/L) (KG/HA) (MT/PERIOD) (MG/L) (Kc/HA)
3.131 5.5 0.117 0.050 27.4 0.580 0.247 13965. 295.4 125.9
6.3 0.118 0.061 31.6 0.554 0.285 14744 258.3 132.9
VAR 3.9 0.145 0.035 7.1 0.265 0.064 1917 71.4 17.3
APR 2.2 0.170 0.020 3.1 0.243 0.028 280.3 21.6 2.5



































































































































































































JAN 4.27 0.913 0.039 5.80 1.24 0.052 57.4 12.3 0.5

































































































































































































28.3 1.95 0.26 1.5 0.106 1.014 5.64 1.31
111.6 8.08 1.01 1.8 0.130 0.016 5.18 1.25
25.9 5.85 0.23 0.8 0.192 0.007 1.71 0.40
2.23 0.73 0.20 0.38 0.124 0.003 1.15 0.28
2.59 0.95 0.02 0.37 0.136 0.003 1.02 0.25
1.44 0.99 0.01 0.28 0.190 0.003 0.56 0.13
1.45 1.25 0.01 0.06 0.051 0.0005 0.44‘ 0.10
4.58 3.47- 0.234 0.177 0.51* 0.12
5.30 2.75 0.005 3.27 1.69 0.029 0.28" 0.07
739. 6.66 52.7 0.48 8.55 24.22
1.80 0.38 0.016 9.41 2.01 [0.085 1.76 0.42
14.80 0.79 0.133 44.0 2.35 0.397 7.79 1.69
825.8 9.23 7.45 21.40 0.24 0.193 33.6 8.07
547.4 10.50 11.4 0.22 0.103 20.2 4.70
185.7 8.84 1.67 1.77 0.084 0.016 7.19 1.73




Table l9presents the monthly and annual total chloride loading for 1975
and 1976 for the Maumee and Portage River basins. The unit yields of
chloride for 1975 and 1976 were for the Maumee: 127 and 77 kg/ha/yr and for the
Portage: 138 and 100 kg/ha/yr. These yields are at the high extreme of
chloride loadings for general agriculture and at the low extreme of general
urban land use as observed in other Task C pilot watershed studies. The
loadings appear to be directly related to flow, and do not appear to be
drastically reduced in the low flow relative to the high flow months. Cer—
tainly much of the chloride originates as a result of road deicing operations.
The lesser reduction in the Portage River relative to the Maumee in the low
flow year, 1976, is probably a result of a higher degree of urbanization and
larger percentage of point source inputs into that basin. The City of Bowling
Green is not located within the watershed, but does discharge its sewage
treatment plant and a considerable portion of its urban runoff to the Portage
rather than the Maumee.
h.32 Discussion of Monthly Loading
The yield per unit area per month from the study area watersheds varied
greatly throughout the 2—1/2 years of monitoring. The variation in seasonal
loading for all watersheds was much more pronounced than the variation in
monthly loadings between watersheds. Table20 summarizes the yield per unit area
per month of sediment from all watersheds. Table2l.and22 express the ratio
of each watershed yield to the area weighted mean yield of the experimental plots
for sediment and total phosphorus, respectively. Table20 must be consulted in
conjunction with Tables2l and 22 , becuase when the magnitude of the watershed
and plot yields is not very large the percent difference is not really significant.
The most interesting point to note is that in many instances during the
late winter and spring months when the magnitudes of the yields are very large,
that the percentage difference between watersheds may not be very large. That
is, that the yield per unit area from the Maumee Basin as a whole is similar to
the yields from the plots.
In February 1976 the yield from the Maumee was 76% and 127% for sediment
and phosphorus,
respectively,







































Most of the transport took place







































































































































































































































































































































JUL 22. .5 38. 0. 149.
AUG 6.1 0.8 4.0 16. 1,206.
88? 18. 226. 13. 31. 267.
001 5. 8. 2.1 0. 14.
NOV 2.8 0.4 33. 41. 58.
DEC 243. 118. 195. 79. 277.
JAN 7.2 28. 6.8 4.9 50.
FEB 608. 310. 180. 195. 829.
MAR 253. 7.1 42. 88. 645.
APR 8.6 1.1 15. 2.7 3.6
MAY 16. 21 4.3 1.1 26.
JUN 8.2 3.2 1.3 0. 191.
JUL 4.4 1.7 0.4 0. 221.
AUG 1.5 1.2 0.2 0. 0.
SEP 0.9 1.6 0. 0. 9.
001 1.5 0. 0.7 0. 0.
NOV 0.2 0. 0. 0. 0.
DEC 0.3 o. 0. 0. 0.
JAN 0.0 0.2 - _ 0,










































































































































































































































MAR 52. 32. — —











— No watershed data




























   
    























































































































































































































































































































































































































































































































































































































is because the LEWMS report
did not prepare













discharges were not locatable on the maps their loads do not appear in the
subbasin totals, but they are included in the major basin totals.
Tablth is the monthly subbasin loading summary. It was prepared on the
assumption that point source loadings are continuous throughout the year, and
is simply one twelfth of the total annual load.
Reliable data on the annual






















POINT SOURCE LOAD SUMMARY
 
Total P Ortho P (N02+NO3)—N NH3—N Organic N
(Mt/Yr) (Mt/Ytl (Mt/le__ (Mt/Yr) (Mt/Yr)
29.1 14.3 37.8 38.0 14.9
5.0 2.5 19.1 20.3 6.1
26.3 13.2 97.7 89.0 27.3
26.9 13.5 55.6 34.3 14.3
29.3 14.6 86.0 109.4 32.3
28.6 14.2 31 2 37.3 11.0
66.1 33.1 43.7 241.5 71.8
150.9 75.4 216.5 422.6 129.4
51.3 25.7 306.8 362.8 108.3
30.0 15.0 27.0 58.0 14.6
321.4 160.7 704.9 1026.4 311.3
314.2 157.1 919 1 1100.9 326.1
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MONTHLY DISTRIBUTION OF POINT SOURCE LOADING







St. Joseph 2.43 1.19 3.15 3.17 1.24
St. Mary's .42 .21 1.59 1.69 .51
Tiffin 2.19 1.10 8.14 7.42 2.28
Auglaize (m.s.)* 2.24 1.13 4.63 2.86 1.19
Blanchard* 2.44 1.22 7.17 9.12 2.69
Little Auglaize* 2.38 1.18 2.60 3.11 .92
Ottawa* 5.51 2.76 3.64 20.13 5.98
Auglaize (Total) 12.58 6.28 18.04 35.22 10.78
Maumee @ Defiance 4.28 2.14 25.57 30.23 9.03
Maumee @ Waterville 2.50 1.25 2.25 4-83 1.22
Subtotal 26.78 13.39 58.74 85.53 25.94














































































































































source loads (there are no point sources). On the plots which were tiled,
Lenawee, Blount, Paulding and Hoytville, the figures represent the total of
surface and tile transport. Table31 is the "basinwide soil area weighted mean"
yield of the plots. The yield of each plot was weighted into a mean figure for
use in the extrapolation of basinwide loading comparisons. The method of area
weighting was described earlier in this report. The yields in Table37 for the
Hoytville soil are the mean of the yields from 8 separate plots. There were no
measurements of yield from any of the plots prior to July 1975 except the
Hoytville plots where sampling began in May 1975.
h.35 Loadings from tile drainage
Runoff and tile drainage losses of sediment and nutrients from the Defiance
watersheds and Hoytville plots are summarized in Table 38. Lenawee and Hoytville
soils are level and have fairly good internal drainage. As a result, tile drain-
age flow exceeded surface runoff in all cases with resulting low sediment losses.
The Blount soil on more sloping ground had significant amounts of tile flow but
runoff was still in excess of tile flow. The Paulding soil, a level, high clay
soil with poor internal drainage had the least tile flow and the most surface
runoff. As a result, soil loss was highest on this soil. The data also show
the low amounts of P carried in tile drainage, while considerable amounts of
NO -N are carried in tile drainage.
3
h.36 Precipitation in the Maumee River Basin 1975—76
Rainfall data for the period 1975—76 Was obtained for all hourly recording
rain gauge stations in Ohio and Indiana. There are no such stations in or near
the Michigan portion of the Maumee Basin. These records of hourly precipitation
are readily available from the National Climatic Center of the National Oceanic
and Atmospheric Administration. There are lb weather reporting stations in or
very near the Maumee Basin with recording rain gauges. Of these 1h, 8 had
sufficiently complete records of rainfall during the 1975—76 period for this
analysis. Figure 1 shows the location of all recording rain gauges in and near
the Maumee Basin.
Figure 8 is an excerpt of one month's data for the station at Defiance, Ohio
from the Hourly Precipitation Data reports. Total hourly precipitation is
reported to the nearest 0.25h mm (0.01 inch) for each hour of the day.
To
save space, only those dates which experienced measurable rainfall (> 0.25h mm)
are included in the reports. The final column gives the daily total rainfall.
Total monthly precipitation is also given for each station in the state in a
table on the front cover of each report.
Since this analysis is primarily concerned with the relationships of
rainfall erosion and runoff it was necessary to determine whether precipitation
was in the form of rain or snow (or ice, etc.).













YIELD PER UNIT AREA
(NILOORARS PER HEETARE PER MONTH):
    










































JUL 1975 0.001 0.020 22.2 0.27 0.0
AUG 1975 0.0 0.0 6.1 0.05 0.0
SEP 1975 0.013 0.047 18.3 0.24 0.0
OCT 1975 0.0 0.004 5.7 0.13 0.0
NOU 1975 0.0 0.005 2.8 0.10 0.0
DEC 1975 0.040 0.373 242.5 2.25 0.0
JAN 1976 0.026 0.052 7.2 0.63 0.076
FEB 1976 0.136 0.902 608.2 4.03 0.284
MAR 1976 0.018 0.382 252.7 0.70 0.004.
ARR 1976 0.0 0.005 8.6 0.36 0.0
MAY 1976 0.002 0.027 15.9 0.71 0.0
JUN 1976 0.0 0.008 8.2 0.50 0.0
JUL 1976 0.0 0.0 4.4 0.13 0.0
AUG 1976 0.0 0.0 1.5 0.0 0.0
SEP 1976 0.0 0.0 0.9 0.0 0.0
OCT 1976 0.0 0.0 1.5 0.0 0.0
NOV 1976 0.0 0.0 0.2 0.0 0.0
DEC 1976 0.0 0.0 0.3 0.0 0.0
JAN 1977 0.0 0.0 0.0 0.0 0.0
FEB 1977 0.016 0.019 0.9 0.08 0.084
MAR 1977 0.051 07433 22739 4.51 0.197
APR 1977 0.041 0.551 338.7 4.21 0.014
MAY 1977 0.010 0.098 57:3 1.69 0.0
JUN 1977 0.0 0.0 2.9 0.03 0.0
YIELD PER UNIT AREA (NILOGRANS-RER HECTARE PER YEAR):
DISSOLUED TOTAL SUSPENDED NITRATE &
PHOSPHURUS PHOSPHORUS SEDIMEEI" NITRITE ANNONIA
1975 0.249 1.882 970. 18.672 0.193
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TABLE” 81 PORTAOE RIUER‘O"UOODUILLE
TOTAL DIFFUSE SOURCE LOAQINGS (METRIC TONS PER HUNTH):
 
BISSULUED TOTAL SUSPENDED NITRATE &
PHOSPHORUS PHOSPHORUS SEDIHENT NITRITE AMMONIA
JAN 1975 4.1 25. 13928. 392. 0.
FEB 1975 5.5 29. 15271. 569. 2.
MAR 1975 2.6 4. 1943. 164. 0.
APR 1975 0.7 o. 235. .79. 0.
MAY 1975 3.5 34. 31657. 378. 0.
JUN 1975 2.2 6. 3833. 176. 0.
JUL 1975 0.0 o. 169. 0. 0.
AUG 1975 0.0 00. 88. 0. 0.
SEP 1975 3.8 7. 25058. 61. 0.
OCT 1975 0.0 1. 905. 44. o.
NDU 1975 0.0 0. 42. 1. 0.
DEC 1975 2.8 "25. 13035. 214. 0.
JAN 1976 4.7 10. 3115. 98. 9.
FEE‘1976“ 1370‘ ‘ T64:T‘_"_34356. 413. ’_“”‘1ET__
HAR 1976 0.0 o. 787. 33. 0.
APR 1976 0.0 ‘T0. 119. 21. 0.
MAY 1976 0.1 2. 2293. 103. 0.
JUN 1976 0.0“ o. 359. 17. ‘”" 0.
JUL 1976 0.0 o. 184. 0. 0.
AUG 1976 0.0 o. 138. 0. 0.
SEP 1976 0.0 0. 181. o. 0.
OCT 1976 0.0 o. o. o. 0.
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‘”"THELE §T“ BLACK 55EER"D4TERSHED : SITE 3
YIELD F'EF.‘ UNIT (MEG (KILDBRAMS F'ER’ HECTAFiE PER MONTH):
DISSOLUED TOTAL SUSPENDED NITRATE z
FHOSPHURUS PHOSPHURUS SEDIMENT NITRITE AMMONIA
JAN 1975 0.023 0.275 134.30 1.19 0.275
FEB 1975 0.031 0.435 303.57 0.50 .227
505 1975 0.030 0.139 59.92 1.32 0.130
055 1975 0.025 0.109 . 39.37 1.03 0.109
MAY 1975 0.023 1.451 1555.34 1.02 0.135
JUN 1975 0.013 1.391 1542.05 0.95 0.050
JUL 1975 0.0 0.0 . 0.0 0.0 0.0
AUG 1975 0.0 0.022 15.24 0.0 0.0
SEP 1975 0.0 0.109 31.05 0.0 0.0
OCT 1975 0.0 0.0 0.0 0.0 0.0
500 1975 0.013 0.139 40.50 0.24 0.025
DEC 1975 0.009 0.955 75233 0.50 0.043
JAN 1973 0.0 0.0 4.53 0.0 0.052
FEB 1975 0.102 0.471 195.00 0.87 0.325
M45 1973 0.017 0.145 57.75 0.59 0.045
455 1973 0.0 0.0 2.73 0.0 0.0
may 1973 0.0 0.0 1.13 0.0 0.0
000 000 000 O90
JUL 1975 0.0 0.0 0.0 0.0 0.0
AUG 1973 0.0 0.0 0.0 0.0 0.0
SEP 1973 0.0 0.0 0.0 0.0 0.0
OCT 1973 0.0 0.0 0.0 0.0 0.0
NOV 1973 0.0 0.0 0.0 0.0 0.034
DEC 973 0.0 0.0 0T0 0.0 .0.0
YIELD PER UNIT AREA (KILOGRAMS PER HECTARE PER YEAR):
DISSOLUED TOTAL SUSPENDED NITRATE &
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0.101 148.60 2.26 0
0.302 12Q5+50 0.73 O









































































































































































































































































































































































































































TﬁELE 32 HOTERSHED$111 QUILTYPEi RBEELWS
’“'= - 'r' -.r- ' r‘~-.-'-.="::- . '— ‘_ ' 6












1 0.0 0.420 9J0.00 0. 0 0.180
1’ 0.030 0.256 520.00 . 0 0.0
O¢O + 000









1 0.250 20?.00 . 0.100
1 0.0 12.00 . a 0.0
1* . . 1.005 1035.71 . 0 0.797
1 0 040 0.880 1727.00 . 2 0.0
1v;a 0.010 010 57.00 . 8 0.000
1??5 0.010 0.350 489.00 . 0 0.0
1??é 0.0 0.020 23.00 1 0.0
7 0.200 40?.00 . 3 . 9O
0 0.020
’ 0.0 0.0 0.0
0 0.0 0.0 0.0








0.010 0.390 252.00 2.45
0.020 0.370 680.00 5.07
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. 0.0 0.0 0.0
.. 0.0 0.0 0.0
.0 0.0 0.0 0.0 0.0
0.030 0.410 237.00 2.51 0.0
0.020 1.000 741.00 1.94 0.0
0.010 0.370 768.00 1.04 0.0
0.010 0.330 191.00 0.0 0.0


























































































































































YIELD PER UNIT AREQ (KILDGRQMS PER HECTARE PER YEAR}:
DISSOLUED TUTﬁL SUSPENHED NZTRATE 8
PHDSPHURUB PHDSPHDRUS SEDIHENT NITRITE AMMONIA
1775 0.110 1.540 5083. 5.520 2.130
1°70 0.113 1.815 2320. 5.131 0.739




































\J "4 “d \
J \1 "J \: \j
\J M \J \
1 u x1 \i \
1\J \1 \1 ‘-J
\j x: x1 \1
s‘
"kl







































































































































































































































































































































































































































































































































































































TUTﬁL SUSPENDED MITQATE 3











































































0.0 0.0 11.00 0.50 0.120
0.020 0.000 543.00 0.95 .900
0.0 0.030 54.00 0.15 0.040
0.0 0.010 0.0 0.05 0.0
0.160 84.00 2.72 0.440
0.35 224.00 4.87 0.230
0.040 42.00 1.05 0.900

















































1976 0.100 1.110 1109.00 2.65 0.010
1976 0.0 0.010 1.00 1.09








JUN 1976 0. 0.390 050.00 1.26 0.0
JUL 1970 0. 30 0.700 714.00 1.30 0.310
AUG 1970 0. 0.0 0.0 0.0 0.0
SEP 970 0.0 0.0 0.0 0.0 0.0
OCT 1770 0.0 0.35 0.0 0.0 0.0
NOV 1770 0.0 0.0 0.0 0.0 0.0
DEC 1976 0.0 0.0 0.0 0.0 0.0
JéN 1777 0.0 0.0 0.0 0.0 0.0
FEB 1977 0.0 0.0 103.00 2.59 0.0
HAN 1977 0.010 0.640 397.00 13.76 0.050
QPR 1977 0.040 1.570 048.00 13.37 0.0
MAY 1977 0.010 0.070 12.00 1.91 0.0
JUN 1777 0.0 0.0 0.0 0.0 0.0
YIELD PER UNIT QREA (NILOGRAMS PER HECTARE PER YEﬁR):
DISSOLUED TGTQL SUSPENDED NITRATE 8
PHDSPHURUS PHDSPHDRUS SEDIMENT NITRITE AMMONIA
1975 0.080 1.400 1016. 9.250 1.730
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YIELD PER UNIT ﬁREﬂ
(HILUGRHMS PER HECTﬁRm PER YEﬁR)!
TDTAL susﬁENUEn MITRATE &
PHUWPHORUS SEUIHENT NITRITE AMMONIA   
7:5 0.275 .527 1190+ lﬁqéOS 0.0
‘76 O¢304 00836 93. 13¢285 090





Table 38. Sediment and nutrients in runoff and tile drainage (1975—1977).




R 0.00 0 0.00 0.00 0.00
T h.03 156 0.9M 0.05 10.81
Blount








R 7.83 h573 2.21 0.15 7.06
T 0.37 99 0.12 0.00 0.0M
Hoytville
R 1.76 7A3 0.18 0.11 1.29









































































































Wayne. These monthly reports are available only for primary weather data
gathering stations in larger cities. Precipitation, rain or snow, moisture
equivalent, depth of snow on the ground, daily ranges and means of temperatures
as given in the reports provide indices of the nature of the storms. This
information was used to determine whether a particular storm was rain or snow.
The effect of snow on the ground was not taken into account rigorously in the
calculation of rainfall erosion indices. This will not be a serious effect
because it seemed that there was usually very little snow on the ground at
the beginning of most rainfall storms.
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1975 and 1976 were years of moderate extremes of precipitation in the Maumee
River Basin. Table 39 summarizes the total precipitation, normals, and
departures from normal for the eight stations with adequate precipitation data
for the two years. The last column, Area Weight,indicates the weight
of the given station, determined by the method of Thiessen (1911), in the calculation
of area weighted mean basin precipitation.
1975 was wet, 97.5 cm (38.110 in.), 11.0 cm (1431+ in.) above normal; 1976
was dry, 71.27 cm (28.06 in), 15.2 cm (6.00 in) below normal. Normal total
annual precipitation for the basin is 86.5 cm (3h.06 in). The mean of the
two years was 8h.h cm (33.22 in) and only 2.1 cm (0.81 in) below normal.
Although it would appear that the water budget of the watershed was not
degraded over the period it will become apparent in the discussion of runoff
(below) that the excesses of 1975 had little effect on the deficiency of 1976.
The distribution of the deviance in precipitation is also interesting.
Figure 9 is a graph of normal 1975 and 1976 monthly precipitation at Defiance,
Ohio. During both 1975 and 1976 precipitation did not deviate from normal to
any great degree during the early months of the year, January throughMay,
or during the Fall months, September through October. The greatest deviations
took place during the Summer of 1975, June, July and August, when for the
























November and December. The implications of these deviations on runoff, gross



























































































































































































































































SUMMARY OF PRECIPITATION DAIA
MAUMEE RIVER BASIN
       
Normal . Area
1975 Departure 1976 Departure Weight
cm.
Defiance 84.63 101.2 16.6 64.9 —19.7
Findlay 90.47 98.0 7.6 79.5 —11.0
Lima 90.27 95.3 5.0 82.3 — 8.0
Pandora 90.37 98.9 8.6 65.9 -24.5
St. Mary's 86.79 90.9 4.1 69.9 -16.9'
Toledo 80.09 98.0 17.9 73.1 - 7.0
Ft. Wayne 90.93 93.3 2.4 66.8 —24.2
Kendallville 87.78 101.0 10.6 87.4 - .4
Maumee Basin 86.5 97.5 11.0 71.27 —15.2
 
1. Mean of Lima and Findlay
2. Mean of Ft. Wayne and Defiance










































































































































































































years in the percentage of rainfall that came in storms and non—storms, 60.8%
as storms in 1975 and 55.9% as storms in 1976. There is, of course, a great
difference in total storm precipitation between the two years because of the
large difference in total rainfall. Rainfall meeting the definition of a storm
fell somewhere in the Maumee River Basin on a total of 67 days in 1975 and 52
days in 1976. Of the total number of storm days 16 in 1975 and 10 in 1976
were of a frontal or basinwide nature. These storms are usually associated with
warm fronts advancing across the basin from the'Mest or southwest. This is
apparent from the intensity and duration of the rainfall events and the relative
time of beginning of the storms as they advance across the basin. The remainder
are convective and cold front storms.
M.37 Storms and runoff
There are several very important questions about the relationships of
storms, runoff, gross erosion and sediment delivery which remain largely
unanswered. It has been common practice to treat the summer through early fall
months, when the most energetic storms occur, as the most serious period of
erosion. If bare soil and identical antecedent moisture conditions are assumed
the previous statement is true, but this is seldom the case in a natural system.
During July and August, when the most intense thunderstorms may occur, the
canopy c0ver in a corn—soybean agricultural watershed may be nearly 100%. The
energy of these storms, as accumulated for calculation of the rainfall erosion
factor, may be almost completely dissipated on the leaves of the crops. Large
raindrops are broken down and finally reach the surface at reduced velocity
and total kinetic energy. Gross sheet erosion is drastically reduced, compaction
and sealing of the soil surface is reduced, and infiltration remains higher
for a longer time during the storm which is usually of shorter duration than
the winter storm. Runoff from equivalent total precipitation storms in the
summer is only a small fraction of the runoff from the similar storm in the winter.
Table hg is a summary of all storms in the Maumee Basin during 1975 and
1976 which produced significant rises in the hydrograph at Waterville, Ohio.
The Waterville gauge drainage area, 16,353 sq-kn;(6,31h sq mi) is the furthest
gauge downstream, and measures almost total basin runoff. The hydrographs of
subbasins have not been examined. The numerals identifying the type of storm
indicate how widespread the occurrence of rainfall was over the basin: (1) All
stations reported storm class rainfall on the same day - a basinwide storm;
(2) All but 1 or 2 stations report a storm rainfall on the same day — a near
basinwide storm; (3) All stations report storm rainfall over a period of 2
or more days, but all stations do not report storms on every day s a basinwide
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 -76-
P = h.57 cm (1.80 in), 8/1—8/5/1976 produced a peak mean daily discharge
of only 61 cu.m/sec (2,160 cfs) which is less than one half of the mean annual
daily discharge (136 cu.m/sec (h,813 cfs)).
The point of this comparison has to do with the question of sediment
delivery. Sediment delivery of basinwide gross erosion and land wash to the
gauge (a daily sediment record station) at Waterville has been estimated to
be approximately 11% of gross erosion (GLBC, 1975).
b.38 Storms and Sediment Transport
Table M3 is taken from a report on nonpoint source pollution ( Baker,1976)
which was prepared for the Toledo Metropolitan Area Council of Governments as
part of an Areawide Water Quality Management Planning Study (PL 92-500 Sec. 208).
Total flow, sediment and phosphorus transport are summarized for eight storm
events which occurred during 1975. Several large storms which occurred prior
to April 25 are not included. Also, storms during August are not included
because the automatic samplers had been taken out of service for other studies.
During the unmeasured period United States Geological Survey recores indicate
that storms on January 8 and February 22 produced the highest peak flows and
sediment transport of individual storm events during the year.
The storms included in Table A3
are ranked according to total storm flow,
total suspended solids mass transport and flow weighted mean concentration of
suspended solids.
Most of the storms fall fairly well into order with total flow








volume of runoff but sixth and seventh in total suspended solids transport and
flow weighted mean concentration.
The major reason for the shift in rank
order between total flow and solids transport is the association of this storm








































































































































































































































































































Rank Order of Storms
















































1.324 1.59 4 2 2 2




1.491 1.66 8 7 4 1
10/19 10/30 7.90011107 2.67011101’
.3300
7.90091107 7.40031106
93.67 3.608 .31 7 a a 5

















Sediment delivery to downstream stations should be more a function of channel
velocity than the condition of the watershed at the time of rainfall, and
the storm of November 29—30 should have transported 8 to 10 times as much
sediment as it did.
The observation then, based on the comparison of these
two storms, is that sediment transported to a defined channel during a storm
event probably moves completely out of the watershed during the stOrm in which
it entered the drainage network.
h.39
Relationship of Gross Erosion and Sediment Delivery
Table lMpresents the estimated mean annual soil loss as determined for








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































improve nutrient and sediment delivery estimates being made for other water—
shed areas.
A commonly utilized extrapolation parameter is the relationship between
drainage basin size and sediment yield. Many different forms of regression
analysis were attempted to determine such a relationship for the Maumee
River basin studies. It had been hoped that a drainage area/sediment yield
relationship could be determined within seasons for the Maumee subbasins,
but this was made impossible because short term variations in rainfall patterns,
snow melt, antecedent moisture, etc. caused much more of the variance in the
data than the difference in watershed size. Within months sediment and
nutrient yields were virtually independent of drainage basin size.
The best relationship between yield and watershed area was found to be
between study period mean annual yield and loglo drainage basin size. The
regression line for this relationship is shown in Figure 11. The points plotted
are not the points which determine the regression. The regression line is
determined by the 2 to 2~l/2 year mean annual sedimentyield and loglO of the
drainage basin size. The effects of meteorological variations are significantly
reduced as is the variance among drainage basin sizes. The regression line
is determined from the following data set:
Sediment
Drainage Area loglO D. A. Delivery
(Hectares) (loglO Hectares) (KG/HA/YR)
Plots \ 1.0 0. 1,968.
Black Creek
Site 6 71h. 2.855 2,107.
Black Creek
Site 2 9M2. 2.97M 1,6h6.
Portage River 110,900. 5.0u5 658.
Maumee River 1,639,500. 6.215 860.
Regression of Sediment Delivery and loglO (Drainage Area):

















































































































































































































A similar regression was performed for total phosphorus yield based on the
same criteria (two year mean annual total phosphorus yield):







Total P Yield (KG/HA/YR) = 3.229 = 0.263 loglO Area (Hectares)
R = —0.5901
R2 = 0.3u8
It is apparent that total phosphorus yield is less dependent on drainage
basin size than is sediment delivery. It has been shown in the discussion
of experimental plot soil texture (sec h.hl), that the runoff sediment is
enriched with clay size particles relative to the soil from which it originated.
Runoff sediment had clay content ranging from 53 to 96% while the surface soils
ranged from 27 to 56%. Suspended sediments in the Maumee River at Waterville
are 7h% total clay (uses, 1972) indicating further enrichment of the runoff
sediment with increasing drainage basin size. It was also shown (sec. lO.h3)
that the clay fraction is enrichEd with phosphorus relative to the surface soils.
It is therefore apparent that as the clay sizeparticle fraction is preferentially
transported to the main stem of the river phosphorus is also preferentially
transported.
h.h Physical, mineralogical and chemical characteristics of basin soils and
sediment
h.hl Texture
The particle size distribution of Basin soils, runoff and bottom sediments
are given in Tableug . Particle size distribution of soils and runoff was
determined by three methods: after dispersion in sodium hexametaphosphate
(total dispersion), dispersion by sonification in water, and dispersion by mild
agitation in water (similar to conditions in the stream). The results indicate
that sonification may be breaking down some sand sized materials and the water
dispersion shows that much of the fine and coarse clay is aggregated into silt
and sand size particles.
The runoff data show
that there is an enrichment of
runoff sediment with clay and this enrichment is greater for soils of medium
texture than soils which already have a high clay content.
Runoff sediment had
clay contents ranging from 53 to 96% while the surface soils ranged from 27 to 56%.
Suspended sediments in the Maumee Basin at Waterville are Th% total clay
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201 o.o-2o.6 17.6-69.0 29.6-82.h 2.0 1:2.3 55.8 11.7 13.6 111.5 0.1 1.0 1.6
Roselms
surface
h01 o.2-2.h 16.9—53.5 Mar-82.9 1.3 ls0.5 58.2 0.8 11.9 12.2 0.1 0.9 2.2
Blount
surface




501 0.0-3.8 l3.6-h7.3 h9.S-86.2 1.3 28.8 70.0 1.0 11.3 12.2 O.h 0.7 1.3
Paulding
surface
501 0.0-1.8 6.h-26.5 73.5-93.6 0.b 12.5 87.1 0.7 7.5 7.6 0.1 0.3 1.7
Paulding
tile
62:1 0017.6 2h.6-62.h 36.0-70.0 2.1» 11.0 53.3 L2 9.9 10.5 0.2 1.1 1.3
Hoytville
'aurface
    
1. Particle size values 0? reference 20113 are weinhtcd menu: of cnmhinvd :nmylbs which reprusnnt
all soil types within the plot. 3.1k density values are frun specif10 2011 typqs within the plat.
  
2. Dispersion Ratio = Z 5011 frnwtivn 0F rerornnvn uni! h] tutu] 'ﬂnrximn
% soil fructiun 0frnrnrvnce sail lg water dinnwrniun
3. Cole = Rd 0va1_ "
Ed r1010 “
 
L. rinrirthni-nt. Rubin = IL'I"I"1L‘|" ,1 12'71‘] f'r'n“‘| .n nl‘ r'unuf'l‘ :LI-IH'7--n' I.) ’5'41if'i“'11.‘:'n"
% .mH frmwiwz nl' r'-."r-rt.-nuv nut; 03/ ,1' niflcutlln
-8h-
soils and was highest for the Paulding soil. The high Ca status of soils in
the Maumee River Basin has been shown (Maumee River Basin Watershed Study,
Semi-annual report, October, 1976) to account for the ease of floccuation
of clay—sized soil particles. Primary clay particles flocculate rapidly
(minutes) in stream water and the rate of flocculation increased with increasing
sediment concentration. The flocculation process serves to reduce the transport
of eroded soil as sediment by keeping much of the clay as coarser particles,
especially the fine clay.
Coefficient of linear extensibility (COLE), a measure of the shrink-
swell potential of soils was primarily a function of clay content, but was
particularly high for the Paulding soil.
h.h2 Chemical properties of watershed soils
Some of the pertinent chemical characteristics of Basin soils are
given in Table LL6 fbr surface (Ap ) soil horizons. The high pH's, CaCO3
equivalent and exchangeable bases reflect the limestone parent material. These
soils are quite fertile and productive when drainage is used. The high exchange
capacity reflects the high clay content of these soils. Total nitrogen values
of approximately 2000 ug/g are typical for surface soils in the northcentral
region of the U. S. and mineralize at an annual rate of about 3%.
h.h3 Phosphate chemistry of soils and sediment
A number of phosphate parameters are given in Table A? for watershed
soils, their clay fractions and bottom and suspended sediments. Total P values
for watershed soils were in the range hSO — 1000 ug/g while their clay fractions
ranged from 700 to 1390 ug/g. Total P values of suspended sediments were
generally higher than soil clay fraction values as a result of: enrichment
of fine clay, organic matter, concentration of P by algae in some samples,
and possibly adsorption of P by the sediment during transport. Bottom sediments
tended to have lower total P values than suspended sediments due to two possible
factors:
selective sedimentation of coarse clay, lower organic matter content
of bottom sediment (data not shown) and desorption of P from bottom sediment.
The major fraction of total P in soil and sediment is inorganic (Table h7
).
Organic P is enriched in the clay fraction of soils and is less than the soil
values in the suspended sediments.
Plant available (Bray Pl) phosphate was
variable and was not different between soils and sediments.
These values are
not excessive, and in fact, levels
<15 ug/g are low for optimum crop growth.
A recent survey of 60 farmers'
fields in Defiance County gave values ranging
from
9










1500 ug/g with a mean of 690 .
These values are similar to those given in









































































































 Table h6. Chemical characteristics of watershed site soils.
Exch. Cations Sum Sum of Base Total N
location pH Cacoq - Organic meg/100 g soil Exch. Cations Bases Saturation (ug N/g soil)
(1:1 H o) Equiv. Carbon H Ca r Mg K meq/lOO g - meg/100 g %
,o
111
Roselms 6.0 1.9 l.hh 10.0 16.1 6.9 0.57 33.57 23.57 70.2 2lh9
121




Broughton 7.5 7.6 1.23 1.9 35.7 5.2 0.57 h3.h7 h1.h7 95.6 1666
201










Paulding 6.9 0.0 2.h0 6.6 2h.0 6.6 0.6h 37.8h 31.2h 82.6 2583
6xx




26.6 h.2 0.u8 32.78 31.28 95.h 2h9h
I
* All values except Total N are weighted means of combined samples which represent all soil types
within the plot. Total N values are from single samples within the plot.
 
 _86_
Table 07. Phosphorus characteristics of watershed soils and sediments.
   
 



























































































































































































































































































P adsorbed by suspended sediment
is held

























were about an order of magnitude higher, and compare with the mean dissolved
inorganic
P
concentration in the Maumee
at Waterville of 0.1 ug/ml.
The EPC
values indicate that P adsorbed to suspended sediment is much more labile
than that adsorbed by soil.
This is reflected in the P desorbed values which
were on the order of l—3 ug/g for soil and bottom sediment and about 30 ug/g
for suspended sediment.
Several of the high values obtained for suspended
sediment were from samples containing algae and some of the P released was
probably cellular P.
‘
The phosphorus data show that Maumee River Basin soils are high in total
P with sufficient but not excessive levels of plant available P. Suspended
sediments are enriched in total P, hold adsorbed P weakly and maintain
equilibrium dissolved inorganic P values that are closer to monitored values
than soil EPC's.
h.hh Mineralogy
Soil and sediment mineralogy was determined by chemical extraction and
x—ray diffraction and the data is summarized in Table h8. CDB - Fe, a measure
of the free iron oxides (crystalline and amorphous) did not vary greatly
between soils, their clay fractions or runoff sediment, but bottom sediment
values were only half as great. This is attributable to the release of CDB—Fe by
anoxic conditions in the bottom sediment. Oxalate—Fe (amorphous) was high in
bottom sediments, intermediate in soils and low in runoff. The high values
in soil has been attributed, in part, to the presence of significant amounts
of magnetite which is soluble in oxalate but not in CDB. It was found (data
not shown) for the Blount (hOl) soil that oxalate extractable Fe was concentrated
in the sand fraction and this was confirmed microscopically by the presence
of large magnetite aggregates in the sand fraction. High oxalate—Fe in bottom
sediment was attributed to concentration of magnetite in the bottom sediment
by preferential sedimentation of the denser magnetite and formation of iron
carbonate.
Runoff sediment contained less vermiculite and more illite than the soil,
a result of size sorting. However, mineralogy of suspended and bottom sediments
were not different than runoff and indicated that little or no mineralogical
alteration is occuring during fluvial transport.
 
h.h5 Chemical extraction of "bioavailable" P from suspended sediments
A chemical fractionation scheme (Logan, 1978) was used to estimate the '
bioavailability of stream suspended sediments for a number of major tributaries
in the Lake Erie Basin. This work was supported by a grant from LEWMS and
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* Mepta method. Strong











is for the Maumee River and its tributary, the Auglaize; one sample from
the Cattaraugus River in New York is included for contrast since it drains
an area whose biogeochemistry is quite different than that of the Maumee.
I have chosen to look at bioavailability of sediment—P in two ways: short—term
which is estimated by the NaOH—P fraction (Sagher and Harris, 197h) and total
bioavailable, estimated by the sum of NaOH and CDB fractions. Sediment con-
centrations for most samples shown were low (mean sediment concentration in
the Maumee is about 250 ug/ml). Total filtered and filtered reactive P were
quite constant for the Maumee system and substantially higher than the
Cattaraugus. NaOH—P accounted for 25% of the total sediment—P (perchloric
acid method) and the sum of NaOH and CDB was about 50%. The corresponding
values for the Cattaraugus were 10.5 and 28.6%, respectively. Apatite—P
was a major fraction in the Cattaraugus sample and organic—P was"v20% of the
total sediment—P in the Maumee samples. Some bioavailability schemes consider
only apatite and nonapatite—P and present the nonapatite—P as the bioavailable
fraction. Since nonapatite—P includes organic—P and there is sufficient
evidence that much of the soil derived organic—P is quite stable, this scheme
would tend to over—estimate bioavailability.
Persulfate digestion is the preferred method of most investigators for
the analysis of total P. Table to shows that, in all cases, persulfate acid
fails to extract all P from sediment. Compounds which are thought to be
resistant to persulfate digestion are apatite and various organic phosphorus
forms. The data shows no strong correlation between the undigested total—P
and either apatite—P, organic—P or residual inorganic—P.
h.5 Pesticides
The results of the pesticide scan for watershed soils and Maumee River
Basin bottom sediments are given in Table 50 . Pesticide standards used in
the scan are given below:
grganochlorine
Standard A — Aldrin; o,p—DDE; o,p—DDD; p,p'—DDD
Standard B — Heptachlor; p,p—DDE; o,p—DDT; p,p'—DDT
Standard C —









Guthion (will not respond without forming a derivative)








chromatogram correspond only to the
type
of eluate
and the detector system which has been determined in past research to relate




Several peaks were observed on the chromatogram that were not identifed.
Extraneous peaks are common with the Electron Capture detector. Some very
prominent peaks were detected with the Electron Capture detector or the Hall
Electroconductivity detector or with both detectors but were not identified.
The Electron Capture detector responds to any compounds thatwill capture
electrons (chlorinated hydrocarbons more pronounced and sensitive) and the
Electroconductivity detector is specific for chlorinated compounds but not
restricted to pesticides.
Table 50- Pesticide Residues found in Soil and Sediment Samples
Sample Sample Pesticide Residues (ppb)




l. Hoytville None i/ None A/
2. Hammersmith Roselms None None
3. Hammersmith Broughton None None
h. Speiser Paulding None None
5. Rohrs Lenawee 0.89 p, p'—DDD None
6. Heisler Blount None None
7. Crites Roselms None None
Bottom Sediments
8. Maumee River (Independence
Dam) None None




























































































































































































































































































































































































































































































































Based on the results of this scan, no further analyses were made. Waldron
(l97h) in a previous study on the Maumee and several other Ohio tributaries
draining into Lake Erie found similar low values for water and bottom sediments.
When detected at all, pesticide residues were generally less than 10 ppb,
while triazine herbicides were usually less than 50 ppb. He found that DDT,
diazanon and dieldrin were the common insecticides detected, while atrazine
was the herbicide found most frequently. The generally low levels of insecti—
cides found in the Maumee reflects the land use of the area. Eighty—two
percent of PSA h.2 is in cropland and of that, grain crops are dominant.
Insecticide usage by grain farmers in Ohio is quite low, although it is
expected that there will be some increase in insecticide application as acreages
of minimum and no—till increase. Herbicide usage is more common with atrazine
the most common material. It is recommended at rates of 1—h kg/ha for corn
(Ohio Agronomy Guide, 1978), while materials such as lasso (1—3 kg/ha) plus
lorox or sencor (0.5 to 2 kg/ha) are recommended for soybeans. Herbicide
useage on wheat is minimal. Herbicide usage by Ohiograin farmers continues
to increase as more and better compounds are introduced, and will be an integral
part of minimum or no-till farming in the future. Most pesticides are applied
at or near planting and so discharge to streams should be greatest in late
April through May in the Maumee. Therefore, pesticide runoff should only
be significant in the early spring thaw events as residues from the previous
year's application. This will not be a problem with the more degradable compounds.
h.6 Heavy Metals
h.6l Dissolved metals in stream and groundwater
Stream water at 20 sampling sites throughout the Maumee Basin was sampled
10—21—75, 1-20-76, 7—10—76 and 1—29—77.
Nickel and zinc were detected most
frequently and Ni gave the highest concentrations.
Strontium was included for
comparison.
There appeared to be no seasonal effect on heavy metal concentra—
tions but this is a tentative conclusion considering the low frequency of
sampling.
No individual site appeared to be higher than others for any of
the metals, not surprising since these sites represent diffuse sources only.
Mean dissolved metal concentrations are given in Table 51 together with mean
values for 27 test wells.
Groundwater sources were generally higher than
stream water.










Waterville groundwater accounted for 38% of the total flow in
1976
and given the




























in the Maumee River
Basin





























































b.62 Heavy metals in watershed soils and Maumee River bottom sediments
Table 52gives the mean heavy metal concentrations of the surface soil
horizons of the Defiance County and Hoytville sites and bottom sediments from
the 20 metal sampling sites in the Maumee. Metal content of limestone bedrock
of the area is included for comparison. Values given in Table52 are for aqua
regia extraction. This procedure does not extract all the structural metal,
i.e. metal held within the crystal lattice of minerals, but it does extract
those compounds that would be environmentally active. Of the metals, cadmium
has the lowest concentration and the zinc the highest in both soil and sediment.
Metal concentrations on both soil and sediment appear to reflect bedrock compo—
sition somewhat. Only cobalt appears to be enriched in the sediment compared
to soil while all other metals are considerably lower in sediment. Variability
was remarkably low and there appeared to be little regional differences. In
addition, metal concentrations were not correlated with eachother. It should
be reemphasized that the sampling sites were chosen to reflect background
metal levels and were not close to known point sources. While our estimates
of sediment—bound metals is underestimated because our extraction procedure
does not extract total metal, the data still show that dissolved metal accounts
for a high percentage of the total load. Taking into account our findings
that the groundwater accounts for a high percentage of the dissolved load,
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